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BACKGROUND OF THE INVENTION 
^fa^> [0001] Cross-Reference to Related Application: This application is a continuation of 
application Serial No. 09/056,309, filed Aftjil 7, 1998, pending. 

[0002] Field of the Invention: The present invention relates to processes for forming 
selective contacts and metal silicide interconnects on semiconductor devices. In particular, the 
present invention relates to processes wherein a local interconnect, which acts as a barrier layer, 
is deposited prior to forming an electrical contact, via, or other electrically conductive structure 
Q that forms a junction with an active device region. Specifically, the local interconnect and 
selective contact are formed in situ (i.e., in the same chamber without removing the 
semiconductor device therefrom between deposition of the interconnect and the selective 
O contact). 

a 

p [0003] Background of Related Art: The isolated active regions of a semiconductor 

device are typically covered with an insulative, or dielectric layer, and are only exposed to the 
active surface of the semiconductor device by openings through the insulative layer, which are 
referred to as contact openings, or "contacts" for simplicity. In order for the semiconductor 
device to function, electrical connections must be established between the various active device 
regions. Conductive paths or lines are fabricated on the active surface of the semiconductor 
device to electrically interconnect the active regions of the semiconductor device. 

[0004] The interconnection of many electrically conductive materials to a 
semiconductor substrate, however, generates a great deal of contact resistance. In turn, the 
resistance of such contacts tends to convert some of the electrical energy transmitted 
therethrough into heat. With the ever-increasing density of integrated circuits carried on 
semiconductor devices and the ever-increasing size of semiconductor devices, such high levels of 
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contact resistance necessitate increased power input and an increase in the operating temperatures 
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contact resistance necessitate increased power input and an increase in the operating temperatures 
of state-of-the-art semiconductor devices. Consequently, it has become necessary to reduce the 
contact resistance at the junction of the contact and the conductive path or line that is electrically 
connected thereto. A principal way of reducing contact resistance includes the formation of a 
metal silicide layer over the contact prior to the fabrication of the conductive line or path that 
will be electrically connected thereto. Such metal silicide layers are commonly referred to as 
selective contacts. Titanium silicide (TiSi x , wherein x is predominantly equal to 2) is a refractory 
metal silicide that is commonly employed as a selective contact in order to reduce contact 
resistance. The formation of metal silicide selective contacts typically includes the deposition of 
a thin layer of titanium and titanium nitride onto the semiconductor device, including the 
semiconductor substrate of the active device regions that are exposed through the contact 
openings. A high temperature anneal, such as the type that is known in the art as a rapid thermal 
anneal (RTA), is then employed, causing the titanium and titanium nitride to react with the 
semiconductor substrate to form a silicide (i.e., TiSiJ selective contact. This process is said to 
be self-aligned since the TiSi x forms only over semiconductor substrate (e.g., silicon and 
polysilicon) regions. The remaining titanium and titanium nitride which overlies the selective 
contact acts as an interconnect, or a barrier layer, and prevents the diffusion of silicon and 
silicide into any electrically conductive material that is subsequently deposited thereover. 
Everywhere else, the applied titanium film overlies an insulative, substantially non-reactive field 
oxide layer, and may subsequently be removed. 

[0005] An exemplary barrier layer is formed of titanium nitride, which is typically 
blanket deposited over a semiconductor device by the following chemical reaction: 

TiCl 4 + NH 3 -TiNI. 

Upon subjecting the semiconductor device to temperatures of about 500°C or higher (e.g., by a 
rapid thermal anneal), the deposited titanium reacts with the silicon substrate to form a silicide 
layer. The silicide layer formed by this process, however, often creates an undesirably thick 
selective contact junction between the semiconductor substrate beneath and the interconnect 
above. 



[0006] Another such process, which is directed to the deposition of metal directly upon 
the silicon substrate to form a metal silicide film thereon in order to fabricate selective contacts 
and local interconnects, is disclosed in United States Patent 5,416,045 (the '"045 patent"), which 
issued to Ralph E. Kauffman et al. on May 16, 1995. The process that is disclosed in the '045 
patent utilizes nitrogen gas (N 2 ) to facilitate titanium nitride deposition at temperatures of about 
500°C or less by slowing the reaction rate, comparative to other similar processes, to improve 
step coverage of the titanium nitride layer. The titanium nitride layer is subsequently annealed to 
the substrate by known rapid thermal anneal techniques in order to form a metal silicide selective 
contact between the substrate and the titanium nitride layer. 

[0007] Although the process of the '045 patent reduces problems associated with poor 
step coverage, it is somewhat undesirable from the standpoint that the titanium nitride layer may 
consume excessive amounts of the underlying silicon during the rapid thermal anneal, and, in 
turn, form deeper silicide junctions (i.e., thicker than selective contacts) than are desirable in 
many electrically conductive structures. 

[0008] Several other prior art processes include the direct deposition of metal silicides 
upon the silicon substrate. The following United States Patents disclose exemplary metal silicide 
deposition techniques: 5,376,405, issued to Trung T. Doan et al. on December 27, 1994; 
5,278,100, issued to Trung T. Doan et al. on January 11, 1994; and 5,240,739, issued to Trung T. 
Doan et al. on August 31, 1993. None of the foregoing patents, however, discuss the subsequent 
in situ deposition of an interconnect over the metal silicide selective contact. 

[0009] When a silicide layer is deposited directly onto the active device regions of the 
semiconductor device that are exposed through contact openings, since many desirable 
electrically conductive contact opening filling materials, such as tungsten (W), adhere poorly to 
selective contact materials such as TiSi x , and further because the silicon and many selective 
contact materials tend to diffuse into many types of contact opening filling materials, an 
intervening interconnect is often desirable to promote adherence of the contact opening filling 
material to the underlying substrate. As noted above, interconnects that are manufactured from 
materials such as titanium nitride provide the additional advantage of inhibiting the diffusion of 



silicon and silicide into the contact opening filling material, and are therefore typically referred 
to as barrier layers. 

[0010] Many interconnect fabrication processes, however, are performed in a separate 
reaction chamber than that in which the silicide deposition was performed, requiring that the 
semiconductor devices be transferred between the silicide deposition and the barrier layer 
deposition. Consequently, the fabrication time, amount of equipment required, and equipment 
down time are increased, which drives fabrication costs higher. 

[0011] Accordingly, Applicants have recognized a need for a process of forming 
conductive structures upon semiconductor substrates, wherein a selective contact of desirable 
thickness is deposited onto semiconductor substrate material exposed through a contact opening, 
and an interconnect is subsequently deposited onto the selective contact in situ. 

SUMMARY OF THE INVENTION 
[0012] The present invention addresses the above-identified needs. 
[0013] The process of the present invention includes the fabrication of selective 
contacts and local interconnects over the exposed regions of semiconductor substrate (e.g., active 
device regions) of semiconductor devices. The inventive process includes depositing a selective 
contact, such as a thin metal silicide layer, which is also referred to as a salicide layer, onto a 
semiconductor substrate, such as silicon or polysilicon. Following deposition of the selective 
contact, and in situ therewith (i.e., in the same deposition chamber), an interconnect, which is 
also referred to as a barrier layer, is deposited over the selective contact. A layer of electrically 
conductive material may then be deposited over the interconnect to define an electrically 
conductive structure. 

[0014] The inventive process may also include plasma treatment of the active region 
prior to deposition of the selective contact. Plasma treatment of the active region improves 
adherence of the selective contact to the active region, as well as enhances the deposition 
selectivity for the active region while fabricating the selective contact. 

[0015] The process of the present invention may also include cleaning residual selective 
contact material from the field oxide surfaces of the semiconductor device. Such cleaning may 



be performed either after the selective contact has been fabricated, or during fabrication of the 
selective contact, between selectively depositing first and second selective contact layers over the 
semiconductor substrate. 

[0016] Semiconductor devices which include a selective contact and an interconnect 
that are formed by the inventive process are also within the scope of the present invention. 

[0017] Other advantages of the present invention will become apparent to those of 
ordinary skill in the relevant art through a consideration of the appended drawings and the 
ensuing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a cross-sectional view of a semiconductor device, depicting an active 
device region and the surrounding field oxide layer; 

[0019] FIG. 2 is a cross-sectional view of a semiconductor device, depicting a selective 
contact that has been fabricated over the active device region in accordance with the method of 
the present invention; 

[0020] FIG. 3 is a cross-sectional view of a semiconductor device, depicting an 
interconnect layer that has been blanket-deposited over the selective contact in accordance with 
the method of the present invention; 

[0021] FIG. 4 is a cross-sectional view of a semiconductor device, depicting the 
interconnect of FIG. 3 after patterning; 

[0022] FIG. 5 is a cross-sectional view of a semiconductor device, wherein an 
electrically conductive contact fill layer has been fabricated over the interconnect of FIG. 3 and 
patterned; and 

[0023] FIG. 6 is a cross-sectional view of a variation of an electrically conductive 
structure formed by the process of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0024] Referring to FIG. 1, a semiconductor device 100 is shown which includes a field 
oxide layer 102 that defines a contact opening 104, which is also referred to as a contact for 



simplicity, over a semiconductor substrate 106, such as a silicon or polysilicon active device 
region 107. With reference to FIG. 4, the process of the present invention includes the 
fabrication of a selective contact 108 and an interconnect 110, which is also referred to as an 
intervening layer or a barrier layer, over semiconductor substrate 106 of semiconductor 
device 100. Selective contact 108 and interconnect 1 10 are deposited in the same reaction 
chamber. Interconnect 1 10 may then be patterned (e.g., by masking and etching) by removing 
the interconnect material from field oxide layer 102 overlying semiconductor substrate 106. 
Alternatively, an electrically conductive layer, which is referred to as contact fill 114, (see FIG. 
5) may be deposited over interconnect 110 prior to patterning. 

[0025] Referring again to FIG. 1, the field oxide layer 102, contact opening 104 and 
active device region 107 of semiconductor device 100 are each formed by techniques that are 
known in the art. 

[0026] Semiconductor substrate 106 may be treated prior to the fabrication of selective 
contact 108 thereon. An exemplary method of treatment includes the generation of a plasma 
(e.g., a plasma which includes activated species of nitrogen, ammonia, hydrogen, or a 
combination thereof) over semiconductor device 100. Such treatment enhances the selectivity of 
the subsequently deposited selective contact 108 for the semiconductor substrate 106. 
Preferably, treatment of semiconductor substrate 106 occurs in a separate reaction chamber than 
the subsequent deposition steps in order to ensure the integrity of selective contact 108. Thus, if 
the exposed semiconductor substrate 106 regions are treated in such a manner, semiconductor 
device 100 is transferred to a separate reaction chamber for deposition of selective contact 108 
and interconnect 110. 

[0027] FIG. 2 illustrates a selective contact 108 that has been deposited over the 
exposed semiconductor substrate 106. Selective contact 108 may be fabricated from materials 
which have low resistance, which may be selectively deposited onto the semiconductor substrate 
106 and which generate little contact resistance, relative to that generated between direct metal- 
to-silicon contacts, when placed into contact with the semiconductors of the active device region, 
such as silicon or polysilicon. Preferably, selective contact 108 is formed of a metal silicide. 
One such material is titanium silicide (TiSi x ), which predominantly includes the species TiSi 2 . 



Other silicdea tha, « uaefcl for fabricalmg setoive ^ ^ 
Wkti titanium silicide selective contacts 108 are desired, a chemical reaction occurs in a reaction 
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TiCl 4 + SiH,-TiSi 2 l 
TiCI, + SiHA - TiSU 
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J- a stltotde selective cnnfoc, as is disclosed in «ed States Patents ^ j£ 
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nTiCl4 + Si " H ^ - nTiS * + 4nHCl + H 2 + by-products; 
nTiCl 4 + 2Si n H 2n+2 - nTiSi + 4nHCl + 2H 2 + by-products; 
T A + Si„H 2n+2 Ti 5 Si 3 + HC1 + H 2 + by-products; 
TDMAT + SiA . TiSi 2 + organic by-products; 
TDMAT + Si n H 2n+2 . (n/2)TiSi 2 + organic by-products; and 
Ti(NR 2 ) 4 + SiH 4 - TiSi x + TiSi y N,, + organic by-products, 
where x is predominantly eoual to two, y is zero or one and n is an integer equal to 
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[0034] Referring now to FIG. 3, upon depositing a selective contact 108 of the desired 

thickness, the introduction of a silicon source (e g silane or DC* • t * • 
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preferably TiCl 4 , is reacted with ammonia (NH 3 ) to initiate the following chemical reaction, 
which deposits an interconnect 1 10 {see FIG. 3) of titanium nitride (TiN) over the surface of 
semiconductor device 100: 
TiCl 4 + NH 3 - TiN i , 

including field oxide layers 102 and selective contacts 108 (i.e., a blanket deposition occurs). 
The duration of the foregoing reaction is dependent upon the desired thickness of interconnect 
1 10. This reaction may also be carried out in the presence of nitrogen gas (N 2 ), as discussed in 
United States Patent 5,416,045 (the "'045 patent"), issued to Kauffman et al. on May 16, 1995, 
the disclosure of which is hereby incorporated by reference in its entirety. As explained in the 
'045 patent, nitrogen gas facilitates the deposition of titanium nitride at temperatures of about 
500°C or lower. Hydrogen gas (H 2 ) may also be introduced into the reaction chamber to 
facilitate the formation of hydrochloric acid from chlorine. 

[0035] Other chemical reactions are also useful for depositing interconnect 1 10. United 
States Patent 5,399,379, issued to Gurtej S. Sandhu on March 21, 1995, the disclosure of which 
is hereby incorporated by reference in its entirety, describes such a reaction, whereby one or 
more organometallic compounds of the formula Ti(NR 2 ) 4 , which is also referred to as a tetrakis- 
dialkylamido-titanium, are reacted with a halide gas (e.g., F 2 , Cl 2 , Br 2 ) to form a titanium nitride 
film on a semiconductor device. In each Ti(NR 2 ) 4 molecule, the titanium atom is single-bonded 
to four nitrogen atoms, each of which are also single-bonded to two R groups, which include 
hydrogen atoms or alkyl groups. 

[0036] Another exemplary titanium nitride deposition reaction is disclosed in United 
States Patent 5,254,499 (the '"499 patent"), issued to Gurtej S. Sandhu et al. on October 19, 
1993, the disclosure of which is hereby incorporated by reference in its entirety. According to 
the '499 patent, a titanium nitride layer may also be deposited by reacting one or more 
compounds of the general formula Ti(NR 2 ) 4 , where the titanium atom is bonded to the nitrogen 
atom which is in turn bonded to two hydrogen atoms or a carbon-containing radical (R), with 
ammonia (NH 3 ). The following United States Patents disclose various other methods for 
depositing titanium nitride films, wherein the second reactants are Ti(NR 2 ) 4 and ammonia: 
5,192,589, issued to Gurtej S. Sandhu on March 9, 1993; 5,139,825, issued to Roy G. Gordon et 
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al. on August 18, 1992; and 5,089,438, issued to Avishay Katz on February 18, 1992, the 
disclosures of each of which are hereby incorporated by reference in their entirety. 

[0037] United States Patent 5,246,881, issued to Gurtej S. Sandhu et al. on September 
21, 1993, the disclosure of which is hereby incorporated by reference in its entirety, discloses 
another method for depositing a titanium nitride film, wherein the second reactants are one or 
more compounds of the formula Ti(NR 2 ) 4 , where the titanium atom is bonded to the nitrogen 
atom which is in turn bonded to two hydrogen atoms or a carbon-containing radical (R), and an 
activated species which attacks the R-nitrogen bonds of the Ti(NR 2 ) 4 , and which will convert the 
activated species to a volatile compound. The activated species include halogens, ammonia, and 
hydrogen, and are radiofrequency (RF) activated remote from the Ti(NR 2 ) 4 . 

[0038] Another titanium nitride deposition reaction that is useful in the method of the 
present invention is disclosed in United States Patent 5,227,334, issued to Gurtej S. Sandhu on 
July 13, 1993, which is hereby incorporated by reference in its entirety. The second reactants of 
that process include a titanium-containing compound, such as Ti(NR 2 ) 4 , and nitrogen trifluoride 
(NF 3 ). 

[0039] Alternatively, the interconnect may be formed from a mixed phase layer, such as 
the TiN/TiSi x layer formed by the method disclosed in United States Patent 5,525,518 (the '"518 
patent), issued to Gurtej S. Sandhu et al. on October 12, 1993, the disclosure of which is hereby 
incorporated by reference in its entirety. The process of the '518 patent includes reacting 
Ti(NR 2 ) 4 , where the titanium atom is bonded to the nitrogen atom which is in turn bonded to two 
hydrogen atoms or a carbon-containing radical (R), with an organic silane reactive gas, such as 
tris(dimethylamino) silane (SIN). 

[0040] Preferably, the selective contact reaction between first reactants and the 
interconnect reaction between second reactants include at least one common reactant. 

[0041] Referring now to FIG. 4, after interconnect 1 10 has been deposited onto 
semiconductor device 100, it may be patterned by techniques that are known in the art, such as 
masking and etching, in order to define a desired structure therefrom. 

[0042] Alternatively, as seen in FIG. 5, an electrically conductive layer of contact 
fill 1 14 may be deposited over interconnect 1 10 prior to patterning. Electrically conductive layer 
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of contact fill 1 14 may be deposited by any processes that m*. v . c 
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